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This invention relates to the manufacture of 
fluorine-containing aluminum compounds. 
Methods of preparing various in organic metal 

fluoride compounds are also described in Our 
co-pending application Ser. No. 307,378, filed 
August 30, 1952. 
We have discovered that Several valuable flo 

rine-containing aluminum compounds of Sub 
stantial commercial importance can be prepared 
by reacting sodium fluosilicate with aluminuin i 
sulfate under substantially anhydrous conditions 
in the form of dry powders in the manner here 
inafter more fully described. Among the corn 
pounds that, can be prepaired in this manner 
which are of particular connercial irportance 
are synthetic cryolite, synthetic chiolite and 
aluminum fluoride. 
In preferred practice, substantially dry all:- 

minum sulfate is ground together with substan 
tially dry sodium fiuosilicate in the stoichio- it 
metrical portions necessary to produce Synthetic 
cryolite, synthetic chiolite or aluminum fluoride 
and the mixture then heated. The products 
obtained have exceptionally low silicon content, 
and when anhydrous aluminum sulfate is used, 
products having silicon content of less than 0.5% 
silica, can be obtained (silica content, through 
out, the specification and claims, is total Si as 
SiO2). It is generally desirable in the prepara 
tion of cryolite or chiolite to heat the mixture 
to a temperature above 400° C., a temperature 
of 500° to 650° C. generally being preferred. The 
reaction for forming the aluminum fluoride Can 
generally be initiated at somewhat lower ten 
peratures, a reaction occurring at temperatures 
as low as 250° C. However, for this reaction a 
temperature of approximately 400 to 550° C. is 
generally desired. The reactions can be carried 
substantially to completion giving close to 100% 
yields of the cryolite and chiolite and up to 
95% yields of the aluaintain fit Oride. 
The reactions for preparing the aluminurn 

fluoride, synthetic cryolite and synthetic chiolite 
can be generally illustrated by the following for 
mulae, the formulae giving the molar ratios of 
the reactants to be used in order to obtain the 
desired product: 

The silicon fluoride, which is given Off as a 
gas, can readily be reacted with inexpensive raw 
materials such as sodium chloride and Sodium 
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Sulfate and the resulting sodium fluosilicate re 
used in the production of more of the metal 
fluorides. The sodium sulfate can be readily 
removed from the reaction product by Washing 
in Water and can then be reacted, if desired, 
With the silicon tetrafluoride as above stated. 
Since aluminum fluoride, synthetic cryolite and 
Synthetic chiolite are all insoluble in Water, these 
Eaterials are readily separated from the Sodium 
Sulfate by the water wash. 
When it is preferred to carry out the reac 

tion at temperatures somewhat below 600° C., 
the rate of reaction can be accelerated and a 
more complete reaction obtained by passing a 
Stream of a dry gas, inert to the reactants, over 
the reaction mixture during the course of the 
reaction. Both nitrogen and dry air have been 
found to be well suited for this purpose. Where 
an inert gas stream is used during the reaction, 
it is generally preferred that the dry air or 
other gas be passed over the reactants at a rate 
of at least 5 milliliters per minute, per square 
centimeter of cross-sectional area of the reac 
tor. Where the reaction is carried out at tem 
peratures of 600° C. or greater, it has been found 
that SWeeping the reactants with an inert gas 
has no substantial effect insofar as accelerat 
ing the reaction or aiding in carrying the re 
action to completion. 

Silicon contamination is generally to be avoid 
ed in the manufacture of such materials as alu 
minum fluoride, cryolite, and chiolite. This is 
particularly true where the product, such as 
Synthetic cryolite, is to be later used for the 
production of aluminum. It was heretofore be 
lieved that silicon-free synthetic cryolite could 
not be made by using sodium fluosilicate as a 
starting material. Indeed it has been stated 
(The Preparation and Properties of Synthetic 
Cryolite, by G. Dixon and T. R. Scott, Council 
for Scientific and Industrial Research, Bulletin 
No. 214, Melbourne, 1947) that “little cre 
dence is given to methods Claining the pro 
duction of Sufficiently pure cryolite (low silica 
content) from this reagent (sodium fluosili 
cate).” (Parenthetical matter added.) By the 
process of the present invention, as previously 
stated, Synthetic cryolite can be prepared With 
Silicon contents of less than 0.5%. If 'desired, 
this percentage can be readily reduced even fur 
ther by treatment with very small quantities of 
hydrogen fluoride as hereafter more fully de 
Scribed. Thus, a final product Containing sub 
stantially no silica can be obtained. 

In the manufacture of synthetic Cryolite for 

  



2,659,857 
3. 

the aluminum industry, another important 
requisite for the product is that it has as little 
water content as feasible. Synthetic cryolite is 
usually made by a process using an equeous re 
action medium, and the synthetic cryolite prod 
uct has combined water which cannot be driven 
off Without losing some of the fluorine. When 
cryolite, containing combined water, is used in 
the cell, the combined water causes a reaction 
giving off hydrogen fluoride which is extremely 
objectionable. This is particularly true when 
the aluminum cell is being started up. Syn 
thetic cryolite prepared by the process of the 
present invention is substantially free of Con 
bined water, for example, samples calcined at 
600° C. showed a weight loss of less than 0.2%. 
Water vapor in the reaction at hosphere has a 

tendency to rapidly raise the silicon content in 
the final product, and is, therefore, to be avoided. 
In view of this, it is surprising that the hydrate 
of aluminuin sulfate can be used for carrying 
out the process of the present invention in place 
of anhydrous aluminusm sulfate without Substan 
tially increasing the silica present in the final 
product. Thus, for example, by using the hy 
drate, a cryolite having a silica content of 2% 
prior to treatment with hydrogen fluoride was 
obtained as compared to a cryolite prepared by 
using anhydrous aluminuin Sulfate Which had 
a silica, content of 0.7%. Where the hydrate of 
the aluminum Sulfate is used, however, it is pre 
ferred that the reaction be carried out in Such 
manner that there can be no accu;-alation of 
any moisture which renay be driven off from the 
hydrate at the temperatures of reaction. This 
can be done by proper equipinent design, aid is 
preferably done by Sweeping the reactants With 
a dry inert gas stream. The dry inert gas strean 
in such instance serves the dual purpose of re 
moving any moisture that may be driven off 
from the hydrate as well as accelerating the re 
action. Since the hydrate of allininuin Sulfate 
can also be used in practicing the proceSS Of the 
present invention, the term “substantially dry' 
as used in the specification and claims is in 
tended to include conditions wherein the Wate' 
content, is no greater than that which would 
result in carrying out the reactions of the pres 
ent invention with the hydrate of aluminum Sul 
fate in the manner heretofore described. 
Though sulfates are used in the process of 

the present invention, another advantage to the 
process is that products having a low sulfate COin 
tent are obtained, the sulfate content on analysis 
generally being below 0.6% (total sulfur as Sulfur 
trioxide). 

In making synthetic cryolite, in accordance 
with our present invention, the sodium fluosili 
cate and aluminum sulfate are preferably first 
ground together in the Stoichiometrical quanti 
ties of six moles sodium fiuosilicate per rinole of 
aluminum sulfate. The mixture is then heated 
to a temperature of 500 to 650° C. The reactants 
are preferably swept, during the course of the 
reaction, with an inert gas at a velocity of at 
least 5 milliliters per minute per Square centire 
ter of cross-sectional area of the reactor. It has 
been found that occasionally grinding the re 
actants during the course of the reaction further 
accelerates the reaction and may, in Some in 
stances, be desirable. The grinding inay be done 
either by removing the reactants from the reac 
tion chamber and grinding, or by grinding the 
reactants in the reaction chamber while rain 
taining the reactants at the reaction tempera 
ture. It is generally preferred that the reactants 
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4. 
be ground during the course of the reaction, the 
total reaction time being approximately one to six 
hours when temperatures of 600° C. are ex 
ployed. The grinding may be continuous ol' the 
product may be removed from the reaction chair 
ber and ground. In the latter case, this is pref 
erably done several times during the 1reaction 
period. 

For convenience in separating the synthetic 
Cryolite from the sodium sulfate found in ti;2 
reaction product, it is highly desirable that the 
Cryolite have the property of rapidly settling to 
the botton when the product is digested in Water. 
Various expedients can be resorted to in O'er to 
aid in the setting and filtering of the cryolite. 
However, we have found that a rapidly Settling 
and easily filterable cryolite can be obtained by 
SWeeping the reaction products with a fixture 
of an inert gas and a small aimount of hydroge: 
fiuoride prior to Washing. The hydrogen flilori: 
treatment at this point serves two purposes in 
that it further reduces the silicon content of the 
Cryolite product and also produces a prod:ct, 
which rapidly settles in the wash water and is 
readily filterable, thus permitting easy separa 
tion of the Synthetic cryolite foil the Soisie 
sodium sulfate. The cryolite obtained is gener 
ally of a high order of purity analyzing 0.01% of 
silica. The yields of cryolite, as compared to the 
theoretical yield, is also excellent, the yields gen 
erally running about 98%. 

in our preferred practice of the invention for 
the production of synthetic cryolite, the sociium 
fluosilicate and aluminum sulfate are heated to 
gether at a temperature of 550° to 650° C. Higi 
er temperatures can be used; however, tempera 
tures sufficiently high to cause fusion of the whola 
maSS should be avoided. Tittle reaction app 
to occur at temperatures much below 400° C. 

If the Silicon content of the final synthetic cy 
olite product is found to be too high for use in 
the electrolytic reduction of aluminuxi, such, for 
example, if the product is found to have a silicci 
Content of 1.5%, as obtained by the use of aluni 
nunn hydrate, and a silicon content of less than 
0.5% is desired, the silicon content can be reduced 
by treating the product with a Saal aimount of 
hydrogen fluoride either in the form of an aqueous 
Wash Solution or in the form of a gas iaixture, 
When using the hydrogen fiuoride in a gas rai:- 
ture, it is generally preferred to use a mixture 
containing 0.02 to 0.20 gram of hydrogen fit oride 
per liter of inert gas (at room temperature and 
atmospheric pressure). bilute aqueous hydro 
gen fluoride wash solutions are also desii'ake 
Since higher concentrations are generally rose 
difficult to handle. It is, therefore, referred 
use aqueous Solutions containing apag:Xixiately 
0.5 to 1.0 grams hydrogen fiuoride per iter of 
water though concentrations of as high as E 
grains hydrogen fluoride per liter of water car 
be used. 
The foliowing example will help to better iss 

trate the production of Synthetic cryelite by the 
proceSS of the present inventica. In the 

se 

r 
amples and throughout the specification axi 
claims where the term "parts” is used, the parts 
are parts by Weight. 

Eacample 1 
Five parts of a ground mixture Containing 

Stoichiometric amounts of sodium fluosilicate 
(3.84 parts) and aluminum sulfate (1.16 parts) 
Were heated at 600 C. in a stream of dry air (67 
milliliters per minute) for a total of 195 minutes. 
The Weight losses at 75,135, and 195 minutes were 
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respectively, 42.6%, 42.8% and 42.8%. The theo 
retical Weight loss is 42.5%. Although a flow rate 
of 67 milliliters per minute per Scuare centimeter 
of Cross-sectional area of reactor was used here, 
the same rate and extent of reaction Was ob 
tained in dry air flows of 20 milliliters per nin 
ute. In addition, complete reaction Was also ob 
tained under static conditions (no flow of at 
mosphere) with no particular difficulty. 
After the 195 minute heating period, a stream 

of nitrogen containing 0.09 grams of hydrogen 
fluoride per liter of nitrogen Was passed over the 
product mixture at 600 C. for One hour. Cryolite 
and Sodium Sulfate in the product was estab 
lished by X-ray patterns. 
The cooled mixture Was separated by Water ex 

traction and the insoluble product, cryolite, dried 
at 110° C. It was noted, during the Water ex 
traction, that the cryolite Settled and filtered 
rapidly. Furthermore, the solid was nearly in 
visible in Water, indicating a pure cryolite, with 
an index of refraction very close to that of water. 
The total silicon content (as silica) of the 

dried cryolite was 0.01%. Cryolite prepared in 
the same manner but omitting the nitrogen-hy 
drogen fluoride step usually contains 0.5 to 0.7% 
of Silicon as silica. 
The fluorine content of the cryolite Was 53.6%, 

With theoretical as 54.3%. 
The yields obtained based on theoretical Were: 

Per cent 
SiF4(loSS in Weight)----------------------- 98 
Na3AlF6 --------------------------------- 99 
Na2SO4 ---------------------------------- 100 

The cryolite and sodium sulfate were identified 
by X-ray patterns. 
Although a total of 3.2 parts of hydrogen 

fluoride were used, much smaller amounts would 
probably suffice to remove the silica. Actually, 
the amount of silica present, before hydrogen 
fluoride treatment, was about 0.01 part, Which 
is equivalent to 0.013 part of hydrogen fluoride. 
The ease of removal of silica, noted here and in 
other hydrogen fluoride treatments, for exam 
ple, aqueous extraction of the product mixtures 
with 0.1% hydrogen fluoride, indicates that the 
silica is probably a surface coating on the cryolite. 
Further substantiation is the difference in ap 
pearance of a water suspension of cryolite treated 
with nitrogen-hydrogen fluoride mixtures and 
one which was not. The treated cryolite is prac 
tically invisible, as was noted before; the un 
treated cryolite, which contains only about 0.7% 
of silica, forms a much more opaque Suspension 
in Water. 
Where the desired product is chiolite, the pro 

cedure is much the same as that described for 
cryolite, the main difference in the process being 
that the reactants are mixed together in the molar 
quantities of 14 moles sodium fluosilicate per 3 
indies aiuninuin sulfate. The reaction is gener 
ally carried out at the same temperature as used 
for cryolite and the product processed in the same 
manner. It was found also that the rate of sili 
con tetrafluoride evolution in the chiolite-form 
ing reaction was more rapid than in the cryolite 
forming reaction. 
The following example is illustrative of the 

production of chiolite in accordance with the 
present invention. 

Eacomple 2 

Ten parts of a ground mixture containing 
stoichiometric amounts of sodium fluosilicate 

O 
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6. 
(7.19 parts) and aluminum sulfate (2.81 parts) 
Were heated at 600 C. for One-half hour. The 
Weight loSS Was 40.5%, which agrees well with 
the theoretical Weight loss of 40.3%. Heating 
the mixture for an additional hour resulted in 
no Weight change so that the reaction was con 
plete in one-half hour. The presence of chiolite 
and Sodium sulfate was established by X-ray pat 
terns. 

Five granas Of the product mixture were ex 
tracted with water. The insoluble fraction, 
chiolite, was dried at 110° C. The soluble por 
tion was evaporated to dryness and then dried 
at 110° C. 
The chiolite yield obtained was 96% of theo 

retical, 
The chiolite and sodium sulfate obtained by 

Water separation were identified by X-ray pat 
terns. 
The total silicon content (as silica) of the chio 

lite product was 0.29%. 
When it is desired that the final product be 

aluminum fluoride rather than cryolite, the so 
dium fluosilicate and aluminum sulfate are mixed 
together in the proportion of approximately three 
moles Sodium fiuosilicate per mole aluminum sul 
fate. This reaction is found to occur at some 
What lower temperatures than the reaction for 
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making Synthetic cryolite and the reaction can 
generally be carried out satisfactorily at tem 
peratures of 400 to 525 C. though it is preferred 
that temperatures in excess of 450° C. be em 
ployed, the preferred temperature range being 
475 to 525 C. If temperatures much in excess 
of 525 C. are employed, some liquefaction occurs. 
Grinding the reactants or sweeping the reactants 
With an inert gas did not appear to appreciably 
affect the rate or completion of the reaction as 
it had in the preparation of synthetic cryolite. 
The aluminum fluoride can readily be separated 

from the Solid aluminum fluoride-sodium sulfate 
product by Washing with water, the insoluble 
aluminum fluoride settling to the bottom while 
the Sodium sulfate is dissolved in the water. 
The following example will help to better ill 

lustrate the production of aluminum fluoride by 
the process of the present invention. 

Eacaiple 3 

i.en parts of a mixture containing the 
Stoichiometric amounts of sodium fluosilicate 
(6.22 parts) and anhydrous aluminum sulfate 
(3.78 parts) were ground together. The mixture 
Was then heated at 500° C. for one hour and a 
Weight loss of 34.7% obtained. Analysis of a 
Sample of the product mixture (sodium sulfate 
and aluminum fluoride) showed that only 0.03%, 
of Silica (total silicon as silica) was present. 
A 5.00 gram Saraple of the product mixture 

Was added to 100 milliliters of water, the suspen 
Sion heated to boiling and then allowed to cool 
to room temperature. A white solid, which was 
obtained after filtration of the suspension through 
a Bichner funnel, was washed with cool water 
until no test for Sulfate was obtained in the fil 
trate. The Solid was then dried at 110° C. and 
Subsequently ignited at 500° to 650° C. for 35 
minutes. The Weight of the solid before ignition 
was 1.35 grams and after ignition, 1.32 grams. 
The filtrate Was evaporated to dryness over a 

gas flame and then dried at 110° C. The weight 
of this Soluble fraction was 3.68 grams. 
The insoluble fraction (aluminum fluoride) 

Was analyzed for fluorine, aluminum and silicon. 
The yield of aluminum fluoride obtained was 
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about 80% of the theoretical yield, the product 
having a purity of about 88% and a silicon con 
tent of 0.35%. 
As above described, the synthetic cryolite, Syn 

thetic chiolite or aluminum fluoride, obtained by 
the process of the present invention, are obtained 
in high yields, the yields of insolubles generally 
being in the order of 95 to 100% for the cryolite 
and chiolite and 80 to 90% for the aluminum 
fluoride. Also, the cryolite and the chiolite are 
generally of a high degree of purity, the final 
products frequently analyzing 95 to 99% cryolite 
or chiolite. The proceSS of our present in Ven 
tion also has many advantages over the prior 
art processes wherein reactions are generally car 
ried out in the liquid phase either in aqueous 
Solutions or in molten baths since the product 
yield is generally higher by the process of the 
present invention and the metal fluoride prod 
ucts are more easily separated from the other 
reaction g;'Cducts and are generally of a higher 
degree of purity. The problem of Silica, as a 
contaminani in the final product is also Substan 
tially eliminated. 

Raving thus described our invention, We claim: 
1. The method of imaking fo:ine-contailing 

ailinini; congoids corprising heating a Sub 
startially dry mixture of sodiuin fluosilicate and 
allininrn Suifate to a tangerature of at icast 
200° C. out, below that at which the inixture 
melts. 

2. The method cf making fluorine-containing 
aluminum compounds comprising heating a Sub 
stantially dry mixture of sodium fluosilieate and 
aturninuin sulfate to a tenaperature Within the 
range of 200° C. to just below fusion temperature 
and Washing the resulting Solid product With 
water to separate therefron the said metal filto 
ride of aligninur. 

3. The method of making fluorine-containing 
alurhinum compouilds coraprisiag heating a Sub 
stantially dry inixture of sodium fluosilicate 22nd 
aluminum sulfate to a temperature Within the 
range of 203° C. to just below fusion te;33perature, 
treating the resulting fugride of aluminu: a prod 
uct, With a fluid inaterial Substantially non-re 
active with the reslaiting fluoride of aluminin 
and containing a Sinal amouint of hydrogen fluo 
ride. 

4. The method of making metal fluorides of is 
aluminum comprising heating a Substantially dry 
mixture of sodium fluosilicate and aluminum Sul 
fate to a temperature within the range of 200 
C. to just below fusion temperature and SWeeping 
the resulting jiuoride of aluminuin product with 
a gas strealin containing at least 0.02 grains hy 
drogen fiuoride per liter, at room temperature 
and atmospheric pressure, of inert gas. 

5. The method of I?aaking metai fuorides of 
aluminum comprising heating a substantially dry 
mixture of sodium fluosilicate and aluminuin Sull 
fate to a temperature within the range of 200 
C. to just below fusion temperature and Washing 
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the resulting fiuoride of aluminum product with 
an aqueous hydrogen fluoride Solution containing 
0.5 to 50 grants hydrogen fluoride per liter of 
Water. 

6. The ninethod of naking synthetic cryolite 
comprising heating, in a substantially dry atinos 
phere, a substantially dry mixture of sodiurn fixo 
silicate and alužninui Sulfate in inoiar proper 
tions of six roses Sodiurn fluoSilicate to Oile inole 
aluininum sulfate, Said heating being at a tem 
perature of 40° to 700° C. 

7. The raethod of irakiing synthetic cryolite 
comprising grinding together a dry mixture of 
Sodiuli filliosilicate and a 32)iiniia Sulfate in the 
holar proportions of six moles S3 din fluosili 

cate for each mole of allininuin Sufate, heating 
said mixture to a teiperature of 550° to 650° C. 
in an anhydrous atriaosphere to cause a reaction 
getween said soiuzin flue:Silicate and alurhinuity 
sulfate, and gringing Said risixture before COin 
pietic) of Said £339; iii. 

8, the method of raking synthetic cryolite 
connprising heating a sustaitially dry mixture 
of sodium fluositigate asid allisiurn Sulfate in 
molar proportions of six 20les Sodiuin fluoSili 
cate per mole aiuriinuti Suiate to a tempera 
ture of 400° to 600° C. in an anhydrous atmos 
phere while Sweeping said reagtaints With a gas 
inert to the reaction at a velocity of at least 5 
milliliters per Iniinute per square certimeter of 
reactor cross-sectional area and treating the re 
sulting product with a small amount of hydrogen 
fluoride. 

9. The method of making Synthetic cryolite 
comprising heating a finely ground substantially 
dry mixture of sodium fluosilicate and anhydrous 
aluminum Sulfate to a temperature of 400 to 
60° C. to form a solid product compirising cryo 

lite and Sodium Suifaše, SWesping said product 
with a gas. inert to Said Solid products having 
therein at least 0.1% hydrogen fuoride, and then 
adding said product after said hydrogen fluoride 
treatinent to a quantity of water to separate said 
cryolite and said sodium sulfate. 

10. The method of making aluminum fluoride 
cornprising heating to a teiperature of 400° to 
550° C. in a Substantially dry atmosphere, a finely 
divided substantially dry mixture of sodium fluo 
silicate and aluminum sulfate, said materials 
being present in the molar proportions of three 
inoles sodium fluoSiligate for each mole aluminum 
Sulfate. 

1. The method 9f Inaking Synthetic chiolite 
comprising heating, in a Substantially dry atmos 
phere, a Substainitially dry mixture of sodium fluo 
silicate and aluminum sulfate in molar propor 
tions of 14 moles sodiurn fluosilicate to 3 moles 
aluminlin Sulfate, said heating being at a tem 
perature of 400° to 650° C. 

WILLIAM. A. LA LANDE, JR. 
ISAORE MOCKRIN. 
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